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THELOGARITHMICPOLARCURYE– ITSTHECRYAhT5APPLICATIO?J

TO ‘THEPREDETJR3!ZNAT1CNOF AIRPIJANEPERWFWAWE.

By Val.CIonstedt.

Intzcduciion

Thelogarithmicpolarc-~rvehas foreeveralYearsbe~~usedby

therestprominentaerodynami.callaboratoriesaswellasby airplane

manufacturersin Europe.

TheVaB~possibilitiesof t~emethod,whenoncethoroug~lYmas-

? teredandproperlyused,andthesavi-ngof timeandexpengein-

volvedintheanalyticaltreatmentof performance,amplyj-ds’JifY

~ itsu’se.Anyonewhofa~~ilia~izeshimselfwiththemethodWill,

withina shorttime,finda largenumberof ap@ications,notmen-

tionedin thisnote,which,however,willcomeup in connection

withair-planedesign.As examples,sameadditionsto theoriginal

methodwhichI havemaciemyselfaxlwhichmayi.13CTeaSetheuseful- ‘

neqsof”tbemethodforperformanceestimation,aredescribedand

theirconstructionshown.

To showmoreclearlythepracticalapplicationof thepolar

. curve,a seriesof examplesazeappendedheretowithsuggestions

forsolution6-1 am indebtedtoMr.ElliottG. Reidof theN.A.C.A.
e-,

Langleylle~oria~Aeronautical~borat~zy‘or‘is ‘hoToughcheck:ng- -.
-x

of themanuscriptandalsofortheva~uable=%gestionshe hasmade” :
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In @king up theappendedchart,emgtneeringunitshavebeenused

% throughout,as theyaremereconvenienttouse ina designoffice,

givingdirectlytheresultsineasilyvibw.alizeciunits.

< In wo~king

Iatedsubjects,

on theproblemsconnectedwithaerodynamicsandre-

graphicalsolution=areoftenuseddueto the

itywithwhichthedesignerca;fiobtainfromthemhisdataand

forthmakesuitablechangesinEisdesi~, ifneeded,tomeet

tainrequirements.To showgraphicallytherelationsbetween

faci1-

thence-

cer-

the

ai~forcesactingon an airplane,itsvelocity,angleto therela-

* tivewind(angleofattack),climbingabili~,etc.,is therefore

desirable- andse~eralattemptshavebeenmadeto obtaina satis-

factorygraphicalmethod.
3

onemethodwasdemons%rateciby EiffelinhisworkllLaResist-

ancede L1airetL~aviatfonllandmer.tionedinhis laterworks,among

others,‘~l?ouvellesRecherchessurla Resistancede Llairet Ltavia–

tion,ffandin a mdifiedformin !l.zeitschrifif~rFlugtechnikund

Motorluftschiffahrt,llby Dr.E. Everling,buttheyarelackingin

severaldetails.Thelastnamed,especially,hastheundesirable

featurethatcertainvalue6necessaryforthedesi~ cannotbe

solved,butonlyapproximatelyestimated.onemethod,basedon vec-+
toralgebra,whichhas greatmeritsandshowsin a very‘neat~?aY

thevariationsof theperformancepropertiesof an airplaneSUb–
b jettedtodifferentarrangementsof powerplant,supportingsurfaces,

— —
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etc., hasbeen.aggestedby Rith,of theEiffelLaboratorya% Autwilj

%’ France. .

I haveattemptedb.ythisnoteto outlinethetkeoryandto show

someof thepossibilitiesof theqithmethod,gene~allyknownas the

“logarithmicpolarcurve[lforthepredeterminationof airpla-neper-
.

f omwmce,andalsoto .&owsomemod-ificationsi+quiredby morere-

centco-nceptionsof performance.

I. TheTheory of t-nellLo~arithmicpoIar~u~be.If

In thestudyof airfoilprofiles,severalorganizationsmakeuse

u withthepolarcurvein logarithmiccoordina-tes,thelatterbeing

usedsolelyforthe studyof completeairplanes.Thedifferent

forcesactingon an airp~~nemaybe Teplacdby oneforce R which4
in turnmaybe dividedintothetwoconpo-nentsD, ordrag,parallel

to thedirectionof flight,wd L, or lift,perpendicularto D.

We canobtainthecommonpolarby plottingthevaluesof L and D,

forunitvelocity,alongtheaxesof a ca~t~siancoordinatesystem.

Hereina linedrawnfromtheorigintoanypointon tizecuxverepre-

sentsthedirectionandmagnitudeof theresultantairforce R.

If,insteadofplottingthe

* we plottheir10garithmsas Rith

ouscurve,the10garithmicpolar

TO P1Ot thepolarcurve,we
‘m

valuesof L and I) themselves,

ha,ssuggested,we obtaina continu-

curve.

must,therefo~e,knowthevaluesof

theseforcesfordifferentanglesof attack.Thesevaluesmaybe ob-
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tainedby windtunnelmeasurementsor ai~alytically.Wh9ntheyhave

beenobtained,onewayor another,ve plottheirlogarithmalong
%

therespectiveaxe6ina logarithmiccogrtinatesystem.Withthe

helpof thegraduationfoundona sliderule,or bettez,bY-using

].ogar-ithmicallygraciuatedplottingpaper,thi6caneasilybe done.

Forroutinewozkit i=advisableto haveblanksmadeup similarto

Fig. 14 of AppendixTII.

us adoptthefol~.o~ii~gnotation:

Thrustpowerin lb.-::t.Dez second.

Wei@t of airplar.einpounds.

Wingareain sq.ft<

Velocityin feetper secorlda

CL=%(L iftcoefficient,absolute).

~ (Dragcoefficient,absolute).~D=L

wherein

L = Liftfozcein pounds.

a = Dragforcein pol~ru?.s.

q
~~ilz=_ = Dynamicpzessurein ib.per Bq+ftQ‘2

f?= ~a~~densityof ai~ (6~ugsperC’1.ft.)

Thetwofundamentalaerodynamicequationsaze:

# CL STT’2 ..s w = c~ S,q=

wherein
:.

CD S,q= Drag
3

., CL Sq= Lift

(1)

(2)
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If thefollowingva~uesbe substituted:
*

j & S =Kfx (DT5Lg in lb.at v = 1 ft./’Eej.j

$ CLS = KIY (Liftin lb.at V =,1.ft.~sec.)d

theoriginalequationsbecome:

pl = KI:<V13

~ = ~1-,7’1~
J

5

(3)

(4)

Writing(3)and (4)in Iogarltlmicfori,~;

T@gp: = logKtx-:”3 logVI (5)

LogW = lo~IVyi-2 logVI (6)

TEe6eCquatiorisdefinethelogarithmicpolal”mrve.

respectively,theaboveequationsshowthateachhasa component

e~ressedintermsof logv~. Tkecompone~tsof logKtxend

log’Zly areplo’~ted,d.iagLv.r(~matically,inFig.1.* Nowas V! has

thesamevalueinbotineq-~atio~s,i.e.,theequationsaresimultae–

0U6,andas thecouponentsin logVI beara constantrelationto

eachother,theadditionof a thirdaxistotheciiagram.makesit
*

possibleto plotthe’resultzntof thetwocomponents,-3 log‘Jt

‘!has theslope2/~and -2 logVI, directly.Thf.s llvelOCity~XiS

& andis alsograduatedlogar~.thtically-,Itsnwdulu.s is

* Seepage6 farfookote.
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To makethe chartmoredi~ectl~applicable,thesc~,iesareg~ad.

uateddoubly,i.e., alongtke Kx scalewe ‘~ve P inhorsepower,
along Ky thereisa 1? scalereadingiu,pounds,andthe V scale
~iay be graduatedbothin M.P.H.and.ft.per second,ifdesized.

Whena reference~a~ue {Vo) is C’hOSeilon theV ai:iS, there-

lationsbetweentiieotherdoublescalesbecomefixed..(ItiS WOTthy
of notethatonlytiledixecticns,endnotthepositionsof theloga–

,rithmicscalesareessentialto theu6eof thechart.) Forpractical

wo~kE ‘Evefounditadvisabletouse a value V. = 200M.P.H.o
As theM.P.H.scaleon the V axiswillbe mGstgenerallyused—— — — —._ ..— —

* Ittillbe notedt-hat-3 logVI and -~ log-ilhavebeenpl~tted
as positiveqU.aiztities,if refe~redto the K(xandK1.,axes. The

u reasonfordoingthisbecomese~identf~om2XJexamiilationof equa-
~j~~ (3)”and (4). Thereonewi7.1seethat K{~ va~i.esnith

and Ky with l/vI2. Iitkenbecomesneccs~ryto graduate
the v axisso thatthisi.ilvers~variation-milI-hold. This is &one
3V givingtheaxistheelope2/3,a mO~.Ul-~S3.505timesthatof the
K:<andKY axes
downward.

andmakingitspositivesensetowardtheleftand

Thatthispzocessis therational.onemaybe confirmedby th-e
followingcase. ?Jetus Supposethatthepolar(Fig.1) intersects
the V axisat thepoint(IcgPI, logK).
thenzeroand,

The V componentsare
undertheseconditions,the?ir:~i?.nerepresentedby

thispdlarwillma,intlinlevelflightat thevslocityVo, chosen
as referenceon the 7 axis. Now1etus supposet-~,tPt and T7 ‘
arei-ncrea~ec!.in suchprowrtionthatthepoint (logPI,logW,) is .
on the V axis,butto theri~h%andak~vethepointfirstconsid–
ered.+ Inthiscase,theresultantof tke~elocitycomponentsmust
be directeddownwatirind.to theieft. That_bhfL6 Vec%c)r “~st repre-

senta velocitygreaterfhan V. is evidentfTomt’hefactthatboth
conditionsof flightinvolvethesameattitudead, consequently,
thesamevaluesof CL andL/’D● As in thesecond.a greaterweight
is beingsupported,thevelocity’of flightmustbe gxeatertopro- —-
videtheaddi-tionzlliftnecessa,zy.



we musttmmsformequations(3)and (4)accordingly.Al.sowe will

nOWe.~ressP inhorsepowerrathe~tki~lb.–ft.pe~second.The

equationsthenbecome

or

and

or

whezein

(9a.)

(l@)

(lOa)

P is po~erinHP

Kx is draginlb.at oneM.P.H.

V isvelocityinM.P+H.

KV is liftinlb.at oneM,i?.H,
J

A~bitrarilya.s~s..mingP = 100W ad’ w = 1000lb., we now

solve(93)and (lOa)andfind

Kx= 0-00468

and Ky= 0.025

Thus, Kx = 0.00W8 correspond~”to 100HP and

Ky= 0.025toLOCOlh.at 200M.P.H.

To stillYoreincrea,sethevalueof thesystemwe willaddtwo

sca.les-

Thefird scale,oz rather,scalesystem,is designedto obtain

more

thethrusthorsepowerwhenpzopellerefficiencyT, and.engtne



horsepowerpinareknown. This’6cale. system iS origi~tedbV the

wrike~,anditsapplicationis ~hol.-~ilin&j,g.,2.4
TO obtain

efficiencyare

appended.graph

efficiencyat

thrustho~sepowe~whencngiAIFkmrse-powerandpropeller

known, drawa lineparallel-to thelicesshown.on the

fromen~mehorsepowerat a. A linefrompropeller

b parallel to thex–axisinte.rsectingtheoblique

lineat d willgivethrusthorsepowerat c. Thegraduationon the

prOpellerefficiencysea?-eis natuza],lylogarithmic,witha modulus-;

independentof P.11theotherscales:andcanbe givenanyvalue.suit-

ingtheindividualu~er. Thissystemis int~oducedforthefirst

timehere and‘hasworkedoutveyy‘uellinpractice.Theinfhence

of b~opellerefficiencyon thevariousperfo~maneefactorscanquick-+
lYbe shownaadthecorzectpropellerefficiencyc20senforeachcon-

dition.

Assumethatwe uant-:0increasethelinearStzeof an airplane

n times.The mpport ing : Tea in -the newcasewillbe
●

s,=n2S

T?Jenequation=(3)ant (4)maybe written

P = i12K~V3 (11)

W = n2 Ky-@ (X2)
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●

Kx ?-rid.IIyaxes.

of thefollowingprinciple:

Ifangleofattackardvelocityremainconstant,thef~rceson

a airplane~azydZrect3ywithaizdensity,ThezeforeWe maywrite

(15)

(16)

vhe~einthesubscript.:V deaotesquantifiesexistingat thealtitude

10&Kx
PZ= logPz –310gv– log~
o

(17)

‘zlogKy = log ‘i-z– 2 log v - log -~ (3.8)
:ere, as in thec~fieof the n scale,we 12aveequalCOTi~O-n~QtS

of ordinateantabscissa,but this time in ternsof thedensit~~ratio●
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A lldensityratioaxis[lwilltloenhavethesamesloneas thatof the

in scale,i.e.,+1,cmda rmdulusr 2 tinesthatOf the Kx andK.?

scales (SeeFig.4).

As it ismorecor.veni.enttoworkwithaltitudethandensity

zatio,a logarithmicdensityratioscale‘hasbeenma&eup, theW-div-

?I.e-ntdensityratiosnotedthereonandt-hescaZ.e of z i-ntlaou&a-Ads

of feetusedon thecb,rt.

(The

Bureauof

ratiosia

densityratiosusedarethoseadoptedby theU.S- Navy

Aeronauticsas 1[StandardAtmosphere.I!A tableof &bese

givenin AppmdixI-)

ItUUs~be bornein mintithatthealtitudescale~a~.~t be used

directly,butmust beusedin connection~itha methodO: correcting.
theavailableengi~powerfortheinfluenceof tlereduceddensity

at
\

ty

an altitide.

Letus firstas.~methatenginepowervarieedi~ectlywithdenRi-
‘Zratio,i.e., pW ~. To representthisvariationweuse thecon-
‘0

.strUctionshowmin rig.5. Thepo~erat gzoundleveliS represented

by thevectorAE. To findthepowerat anyqltitude,me erecta.

perpendicula~at B andthelengthof a horizontalline,suchas

CD, fromthe z a,xifito t-hisperpendicularrepresentsthepawer

~t tbealtitudeC.

Inmod modernaviationengines,ho=ever,thepowerdec~eases

somewhatm re rapidlyt-nanthedensityratioandthegeneralaverage

seemstobe bestexfuessedby
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Therefore,if thecorrecti-nglinehaga slopeof 1.1witkrs-

s?ectto the Z-axis,theVayiationi~ takencareGf. T,otinisend,
4 thescalein thelowerrightcornerof thecharthasbeenprovided

andis.g~~duateddizectlyin termsof thepowerof U:edenq~tyratio

esa’.me.dtogovernthevariationo: enginepower. Thisscaleis e;:-

tendedinbothdirectioilsso thatthealtitudeperformanceof all

engines,whethersupercharged“o~rer-dj.uensj.onedllor notattaining

the1.1rat:omaybe follo-~ed-.Themethodsemployedin theu-seof

this6yatem?,reself-explana=~rya@ canbe readilyfo~.lowed-on ‘he

COrJpleteexamplewo~kedoutin Fig.14,AppefidixTII.

1~. Thepr~ctical~~icatioilof thePolargurve.——+. —. .—._ —.— _

. TO showsomeof themethodsof a-oplyingthepolancurve‘CGprac-

ticalproblems,a seriesof problemswi~.1-he givenbelowandmethods

* suggested$orsolvingthesame.

(T) Given:

TO fiild-:

We assume‘Flattie

AirplanegrossweightW

ngtmew6epower p

VelocityV andangleof at.iacka.

plar curvefortheairplaneis ti”ownanfiis the

.

one show-hiilFi~.6.

AlongtkerespectiveaxisaleplottedITand.p andthepoint

a o’otained.From a ~e drawa lin~parallelto t’~ev-axisuntil

thislineintersectsourpola,r ~rve. Thishappensaswe see,in

thisc2,se,a.ttwopoiiltsb andC. Thisshowsthatthisairplane

cansustainfIightat twodiffezen-tanglesUsiilgthesameex@ne



pover.Theanglesofattackareof couzseWe one~cozrespondi~~qto

Thevelocitiesarerepresentedby tke~ectorsah and ac ue-

sp9ctiv21y;theirriume~icalvsluesareobtaii~edby layingoff,fnorr’

v~, the vectors in thedirectioi~inwhichtheyaredrawnfxom U.

(~) Given: Airplamegrossweight

TO find:Uinimumpowerfozle~;elflightandcorresponding

angleof attackandvelocity.

Theconstructionis givenin Fig.?. A paralleltothe V-axis

itsdrawntangenttothepolarcurve.Thetangentintersectsa hori-

Zoiltallinefromthepoint T at a. Thevec%o~Wa represents

. minimum~wer, ab, thevelocity,andtheangleof attackisdeterm-

ined fromthepositio-nof b on thepolar.

Thisis alsotheconditionformaximumdurationas minimm power
3

cozrescondstominimumgrossfuelconsumption. .

(3) Given: A.irpknegrossweight

Velocity

TO find:~eq~~ircdeq$mepowerandangleof attack.

As in Fig.8, thelmownval-~esv andw aremarkedalongre-

spectiveaxesandhersbywe obtainpoii~t a. ThSTe?fteT,a lineis

drawnparallelwiththe p-axisuntilit intersectsOUTcurve.The

angleof attackco~respondingto tinepoint b is therequiredfly-.
i-rigtigleand a-b is -:herequiredhorsepoxez.

Ifwe movetheline a-b parzllelwithitselfwe arereaching
* asa limit,thepointWherethelineisa tangenttothepolaycurve.
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Tb,is,givesus tilemaximumweightof theairplanefora ~lven‘~elocity

a.rdaowe havegoneovertoproblem4.
%

(4) Given: -velocity

To find:Llaxirn-m~ ssiblegrossweight.“ .
AS shomi~in Fig.9, ifwe drawa tangentlinepa~alleltotine

F-axisjitmillintersectat ~ a lineGram parallelto t??eW-axis

fromthegivenvelocityandw? haveherebyour W maximum.

(5) Given: Efig%m:epowerandvelocity

TO find:GrosB Tieijght aadangleof ircidence.

A8 in Fig.10,the7~lUe6 P andV areplottedalongtheir .

respectiveaxes,therebycbta,iningthepoint a,.Froina is drawn

a lineparallel.% the 1~-axi~untili-tintersectsthecurve= The.
angleof attackcorres~ond.ingtopoint b is theanglesoughtand

thedistancea-b themaximumpossible grossweightwiththegiven
x power.

Keepingthe

theIeft we note

we cantherefore

(6) Given:

en.@nspowerat thesa~evaluebut nmving a–b to

thevelocityinczeases.‘Witkthehelpof Fig.11,

solveproblem6. .
En@tiepower

TO find:Maxinurnhorizontalvelocitya-ridcorresponding

optimumweight.

Drawa lineparallelto the ~-a~~sandtangent‘Q thepolar.
.

Itsintersectionwiththelineof thevelocityvectorat d fixes

V ant dc representstheoptimm wei.glit.

k (7) To find: Angle.ofattackandL/Dratioforflattest

glide.
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Theonlyforcesac-:ingon an airplanedu~inga steadyglideare

weightandtotalairreaction,propelle~thrustbeingzero. Thet~,ov
fo~ceaaye,necefisarily,collinear,~-~al,~d op~osite. It is
knownthattheliftvectorfo~msthesameanglewiththatof theto-

talairforceas doesthehorizontalwi;hthelineof flight.Let
us denotethisangleby Y. Thenthebestglidepossibleis that

i-nwhich Y is~iilimm.Nom,as Y = tan:l$3, thieconditionis.-
at%inedwlaenthe

Letus write

TilenlogKx

L.

‘x is~~.nimueor th~L,/Dratiois maximum;ratio ~-–
;r

Z&&=c.
Ky

= logKY - logc (19)

Thisis evidentlytheequationof a lineparalleltotheline

10gKx‘/;~~ whoseslopeis one,andat a distanceC aboveit. T(I
reach I&

Ky minimum, 0 mustalso‘cemir.imun.Fromthisfactand

WPMtion(19)we seethatas G decreases,thelineof slope= 1
&

(450)willmovetowardtheleft. Therefore,we willfind ~ mini-
Ky

~n, or L/Dnaximumat thepointof tangencyof a 45°line~iththe

polarcurve.Thisdefinestheangleof at-kckforbestglide.*

To findtheL,/Dratioof tiiisor anyotherpointof thepolar,~
.——

a scaleh?sbeenpro~ided.as sh.ovnin Fig.12. As -logc is taken
in thedirectionof the Ky e.xisandi=a firstdegreetermin the

equation,the C or ~/D scaleh~,sthe same modulusa,sthatof KY,

We takeas refere~icevalue, ()~~~> anypointof thechartforwhich
—— ._

* Itis kno~mthatanystraightlinewk.ichpassesthroughtheorigin
of a systemof Cartesi?mcoorili-oateswil1 appearas a straightline
of slope= +1 (45°)Thenplottedto lo~arithriccoordinates.As the “-
valueofL/Dmaxiwrnis obtainedby d<~j~in=a polarta~genttothe\ CartesianKy vs.Ex curve,the45°tangen~is thelogarithmicrepre-–
sentationof thisline.
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ri-‘~x= Yy, i.e., at which ~ = 1.
II

15

v To f iiti.the value of the

it is only necessary to draw a

note its intersectionwiththe

L/D ratioforanypointof thepola~

lineat 45°-through‘&ep~intand

~/n scale● —

?:oblensIn~’o]‘,-iv~Climb.-— —— —.

TO solveproblensi.nvolvinqclimbcb.azacteristicswitht-heaid

of the10garithinicdiagram,we rustmakethefoilowingassumptions:*.
(a) z~gi.uespeedremainsconstantrega~dlessof altitude.

(b) Eng’2n.epcwerva,rieswitha g:ve:zpowerof thedensity
ra~io.

(c) InclimbtheefiginedevelopBonlySO%fullpower.
.

Injustificationcf thefirstaswmptionthereisthefactthat

in climbtests

A is very-small,

to (b),it&s

thevariationofenginespe%ifromsealevelto ceiling

theaveragedropbeingabout5 per cent.With regard

‘oeenfoundthattheproperexponentforthedensity

ratiois slightlydifferentfordifferentenginesbuta goodaverage

valueis 1,1. ThethirdaGsu.mptionis l.essreliablethantheother

tvObecauseit dependsuponsomanyfactors,themostimportantbeing

propellerCharacteris-;ics. 17hile90% isa fairvaluefortheaverage

airplanewhichhasa ccnsidera>lespeedrangeand goodclimb,the

seleCtiO-nof thisfactorfor any new airplane of unusual chara,cter-

*
istics will require t’heu~e of sound judgment and may va-ryconsider-

ably betWeenditferenttypeb’.
outaltit=~deproblems11@ epby step;fthese
be disregarded.
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TO obtaintheceilingof OUTai~l~e, weuse theconstmcticn
v shownin Fig.13. Kn017inggToseWeight,maximumpowerandprqelle~ _

chara,cteristies,we locatethepoint A. Draw<.Qg thetangentCD, .-
whit-his thevelocityvectczforhorizontalflightat miilimu,mpowGr,

we InterceptthedistanceGA, whichTepresentsthepoweravailablc

fO T

the

its

seale sjwtem in thelower

slope.

Thedistancebet-,Teenthe

rightcornerof thecharttodctemine

tangent definingminimm powerandthe

power-correctinglin~representstheBurplus power availableforcliml

at theaI.titudereadfromthealuiliaryscale CZ, andme seethat
.

at B, alltileavailablepowerisrequiredto maintainlevelflight.

This,then,is theabsoluteceillngandtheairplanefliesat the

speed BD..
TO computetherateof climb,we haveonly

Cliub(ft./nin.) = HPe~X 33,OGO/’V

uherein HPex 2s thesurplus~uer available.

to solvetheequatiol~

In scalingoffthis

~uantityit is essentialthattheendsof thehorizontallinerepre-

sentingsuzpluspowerbe projec%edparallelto the Z-scaleontothe _

sealevelpowervccto~.Thevaluesof thrustpoweravailableand .,
thrustpowerrequiredmaythenbe readby directprojectionontothe

● thrustpoweraxis.

Thelocationof serviceceilingfollowsdirectlyfromthisproc-

cess.* We merelydeterminethesurpluspowe~aecessaryto giveclimb
* serviceceili-~~iSdcfii~edas thataltitudeat whichthemaxima
climbingvelocityattainableis100ft./min.



of lCOft./rein.andlocatethealtitudeat whichthisexcessexists.

TheI’roblemof E@eedet Altitude.—.

We kve developedthesolutionfor~xir~~ speedat sealevel

andnowhavea C1Oseapproximatio-nforceiling.usingthesequanti-
ties,we my i~o%~solvefor~ximu-m~.-nd.ti~ii~~s~eed.s aswellas the

speedof bestclimbforanyaltitude.

valueas thoseforminimumandbestclimbingSpeetisythethreebeing

coincident.Also, ~,s~/~,Ddecreafies,thepropellerefficiencyfor

P maxim~ speedwi11ap-oroachthatin clinbandtinetwowillbecome

identic~at ceiling.Thenwemayrepresentthemaximumthrust~wer

availableat anyaltitudeby a lil~ecoilnectingthe pOimtS
+

c and-y,

as shownin Fig.14,AppendixIIZ,and thevelocitvvectorsrepre-
sentingVmax forallalti~desWilloriginatein thisline.

Thespeedof bestclimbat anyaltitudeis e~,silyfoUn@as t~:is

is the sgeedof minimum Dower required for level flight.

Themin.irmmspeed, beingthatcorreS~ndingta maxi?m.mlift

coefficient,willbe easilyfoundforall%ltitndesuntilwe approach

ceiling.whensuchsolutionsarecesired,caremustbe takento

havethevelocity~-ectororigir.atewithinthelimitsof available
●

poner. An exaupleof thiskirdis sh~wnin thesolutionforminimum

speed at 30,020fee-tin theproblemof Appen&i,x ~iI.
k
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U. S. Navyj~rea,uof

Altitude,feet.

1(2C8
2000 ‘
woo
4(3CQ
sG@o
6000
7003
5030
SCm
10000
IZOQ3
l~oog
1.60c0
IE3C’)0
200.20
220CY3
24000
26050
28090
30000
32900
34!300
3mcm
38’000
QfJ~o

Appe”tiix1.

l.e?ZJ~UtiCS,standardAtmosphere.

12ensity,ratio

1● 000
.97i0
.9428
.9152
s8881
●8617
98358
-8106
●?360
.762.9
.?Ai34
.5931.
.6500
.6589
● 52s9
● ~~’J-3
-4975
.464:1
.4724
.40:4
.3’(’41
..34.72
.3213
.2980
.2’71
.~~~
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Append.ix TI.

@aracterifiticsof.AirplancAnaZyZod-in&+ppendIx111.

Ewine FOWCT P = ’700HP

Enginepowerrcms.insconstantto 5C03ft.an~thcrlvariesas
thedensityratio+~ 1.1.power.

Liftanddragof fullsi~oairplanoat 1 M.F-H.

Angloof attack

-2 ‘
o
+2
+4
6
8
10
12
1A
16
18
20

● Qra
.270
,43!3
.611
.7&2
.955
1.@98
1.240
1.338
1.478
1● !540
1*5ZC!

K~

.0611

.0603

.0630

.Clr(cc

.0823

.0960

.1:6

.139

.162

.191

.226

.268

●

.
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Notesto AppendixIII.

InAppendixIII(Fig.14),a completeexamplehasbeenworked _

outaccordingtotheprocessesdetailedintheprecedingpages. —.-
Thepolarcurveshownin thisexamplewasobtainedby windtunnel

mess’ozementsandreferstoa two-sea’~erob~ervation?.irpl?ileof

~ecen.tdesign.

Blankcharts(biuelineprints)in 1~by 24 inchsizemaybe

obtaineduponreques’t.

.
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